The avoidance of breeding with close relatives is an adaptation to inbreeding depression. Unfortunately, inbreeding depression has proved difficult to document or measure in the wild, despite being frequently observed among animals in captivity. We address this problem indirectly by determining the demographic cost of incest avoidance in the cooperatively breeding, polygynandrous acorn woodpecker, Melanerpes formicivorus, following the death or disappearance of all breeders of one sex within a group (a reproductive vacancy). Groups undergoing female vacancies that also contained female nonbreeding helpers experienced significantly lower reproductive success in each of the subsequent 3 years than those in which either no nonbreeding helpers or only male nonbreeding helpers were present, a decrease attributable to incest avoidance between the helper females and the related breeder males in the group. Using a computer simulation combined with a life-table analysis, we estimated that incest avoidance costs the population 9.2-12.1% in overall reproductive potential (measured in fledglings/female) and decreases the population rate of increase by 1.78-2.33%/year. These results suggest the presence, on average, of at least 1.2-1.8 lethal equivalents per individual, a value of the same magnitude as estimated for several other taxa, including humans. Incest avoidance may compound random demographic and environmental events and significantly facilitate the decline of threatened populations even prior to any detrimental effects of inbreeding depression per se.
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The importance of incest avoidance in nonhuman vertebrates has long been a controversial issue in behavioural ecology. There are several reasons for this, including: (1) inbreeding is generally rare in nonhuman vertebrates and thus it has proved difficult to unambiguously document the existence of inbreeding depression under natural conditions (Wilmsen Thornhill 1993; Pusey & Wolf 1996) ; (2) studies of several vertebrate species have suggested that inbreeding is neither avoided nor possibly a genetic liability (van Tienderen & van Noordwijk 1988; Reeve et al. 1990; Lambert et al. 1994; Keane et al. 1996) ; and (3) the prominence of incest avoidance in humans has led some authors to suggest that it is a uniquely human phenomenon (Levi-Strauss 1960; Hammel et al. 1979) . Indeed, only work on a single insular population of song sparrows, Melospiza melodia, has documented significant inbreeding depression in wild birds thus far (Keller et al. 1994; Keller 1998) .
Here, taking advantage of the unusual mating system of the cooperatively breeding acorn woodpecker, Melanerpes formicivorus, we document that incest avoidance results in a significant decrease in the reproductive potential of the population. This suggests that there are genetic costs of inbreeding depression comparable to those found in humans and in captive populations of vertebrates.
BACKGROUND AND METHODS
Acorn woodpeckers in central coastal California live in cooperatively breeding groups containing 2-15 individuals (mean SD=4.41 2.19, N=735 group-years) including 1-8 cobreeding males, 1-3 joint-nesting females, and 0-10 nonbreeding helpers of both sexes (Koenig & Mumme 1987) . Each group, regardless of size or composition, has only a single nest at a time, and all group members generally participate in feeding nestlings (Mumme et al. 1990) . Mating is polygynandrous, with up to three males and three females siring offspring within a group (Koenig et al. 1995; J. Haydock & W. D. Koenig, unpublished data) . Within social groups, incest avoidance and reproductive competition are the primary determinants of reproductive roles; offspring frequently remain as nonbreeding helpers for several years but may inherit and assume breeding status within their natal group following
